Brain metastases are being seen with increasing frequency in hospital-based studies and surgical series. 2, 11 Since 1972, no population-based studies have been conducted in the United States in which the incidence of brain metastases is addressed. 19 An increase in the ratio of brain metastases to primary tumors in hospital-based series and surgical series has been noted. This could be related to a number of factors including improved treatment of primary cancer and systemic metastases resulting in an increase in survival times that, in turn, may provide time for cells sequestered in a protective "sanctuary" behind the bloodbrain barrier to multiply and become symptomatic. 13, 17, 18 In addition, with an aging population, more people are at risk for developing primary systemic cancer, and as a result, the number of brain metastases will also increase. Finally, a greater awareness on the part of physicians of the favorable brain metastases-related management strategies coupled with improved neuroimaging capability have also contributed to the increased incidence of diagnosed brain metastases. 3, 4, 7, 15 There are only three population-based published studies on the incidence of metastatic tumors of the brain. The only study recorded in the United States was performed at the Mayo Clinic and published in 1972. The other studies were conducted in Scandinavian countries, 8,9 the last being reported in 1984. Therefore, all of these studies involved people of predominantly Scandinavian origin as opposed to the more diverse ethnic distribution usually encountered in North American clinical practice. These studies also antedate the development of more sophisticated methods of neurodiagnostic imaging.
In addition, with an aging population, more people are at risk for developing primary systemic cancer, and as a result, the number of brain metastases will also increase. Finally, a greater awareness on the part of physicians of the favorable brain metastases-related management strategies coupled with improved neuroimaging capability have also contributed to the increased incidence of diagnosed brain metastases. 3, 4, 7, 15 There are only three population-based published studies on the incidence of metastatic tumors of the brain. The only study recorded in the United States was performed at the Mayo Clinic and published in 1972. The other studies were conducted in Scandinavian countries, 8, 9 the last being reported in 1984. Therefore, all of these studies involved people of predominantly Scandinavian origin as opposed to the more diverse ethnic distribution usually encountered in North American clinical practice. These studies also antedate the development of more sophisticated methods of neurodiagnostic imaging.
In conjunction with the apparent increase in the incidence of brain metastases, there has been a willingness to treat such lesions more aggressively. 6 For the purposes of developing clinical trials and determining allocation of resources, studies designed to determine the incidence of brain metastases and patient survival in a defined population have become important. In this project, we focus on the incidence of synchronous brain metastases and the survival of patients harboring these lesions.
CLINICAL MATERIAL AND METHODS
The SEER Program of the United States National CanNeurosurg Focus Preview: J Neurosurg 93:December 2000, Click here to return to Table of Contents Survival of patients with synchronous brain metastases: an epidemiological study in southeastern Michigan cer Institute has been collecting information on cancer since 1973 from population-based cancer registries in a selected number of areas in the United States. The metropolitan areas included in the SEER registry are San Francisco-Oakland, Atlanta, Detroit, and Seattle-Puget Sound, and the states are Connecticut, Hawaii, Iowa, New Mexico, Utah, and New Jersey. Puerto Rico is also included. We used this registry to identify patients with metastatic brain tumors.
The project consisted of a retrospective assessment of new cases in which at least one synchronous brain metastasis was identified between 1973 and 1995 in the tricounty area of southeastern Michigan. We defined "synchronous" brain metastases as those lesions in the brain that were detected within 2 months of the primary diagnosis of related cancer and those with an unknown primary site. In the SEER program patients with metastatic lesions are not aggressively recruited or followed per se, and therefore, the maximum yield of cases of metastases occurs when lesions are discovered during the first 2 months after the primary cancer is diagnosed. Therefore, even though the SEER program provides the best record of population-based data, it is most likely an underestimation of the actual incidence of disease. For the purposes of this investigation, newly diagnosed metastatic brain lesions in patients in whom the primary cancer site was unknown were also considered as synchronous (288 cases). Because the time interval between diagnosis and establishment of brain metastases in patients with unknown primary cancers presenting with brain metastases might not be similar to those in whom the time interval is known, we have stratified the data to allow for separation. When a patient harbored multiple primary lesions, the primary cancer most closely related temporally to the detection of the metastatic lesion was considered to be the primary cancer that had metastasized.
The SEER Program obtains its data by creating abstracts of the medical records obtained on patients from participating hospitals. The SEER database codes information on the presence of metastases but not on the type of evidence that substantiates that diagnosis. Multiple types of evidence may be used to document the diagnosis, including CT scanning, magnetic resonance imaging, or other sources of information (for example, by a notation made by the treating physician, or from autopsy/biopsy results).
The SEER Program has maintained stringent guidelines and quality control over data since its year of inception; however, the quality of medical records obtained from participating hospitals may have improved over the 1973 to 1995 time period.
We used census data to define the demographic characteristics of the population in the southeastern Michigan tricounty area and then used these data to evaluate the incidence of synchronous brain metastases and the survival of these patients.
Registry data recorded over the 23-year period included age, sex, marital status, previously diagnosed forms of cancer and their primary sites, race, histological appearance, diagnostic confirmation of the primary cancer, and survival data including date of death, whether an autopsy was performed, and the cause of death listed on the death certificate. Cases were tabulated on an annual basis from January 1973 to December 1995. The population of interest is dynamic, and thus census data collected from different time periods was used in the analysis. The total population for the region of interest in 1980 was 4,044,284 and this number had decreased to 3,912,679 by 1990.
RESULTS
Two thousand six hundred eighty-two patients met the criteria for having synchronous brain metastases from 1973 to 1995. The incidence of synchronous brain metastases increased from 0.69 per 100,000 population to 3.83 per 100,000 (Table 1) . Lung cancer was the most common primary site, accounting for 75.4% of the metastatic lesions, whereas brain metastases associated with an unknown primary cancer accounted for 10.7%. Breast, colon, and kidney cancer were the other primary locations most commonly encountered ( Table 2) .
Of the 2682 patients, 58.5% were married, 61.2% were men, and 38.7% were women. African Americans represented 25.8% of the population and Caucasians 74.2%. No in situ primary tumors were observed (Table 3) . Although occasional long-term survival was observed, the overall median survival length was only 3.2 months after diagnosis of the brain lesion ( Figs. 1 and 2 and Table 4 ). The cause of death was listed as the brain lesion in only 2.5% of the cases.
DISCUSSION
Hospital-based studies, especially referral hospitals, provide us with information about selected groups of patients, and studies on survival data associated with surgical series may reflect an especially strong selection bias for patients with better survival outcomes. Populationbased data tend to eliminate this referral bias and represent our best means of analyzing a particular disease for largearea demographic variations. Since 1973, the population of the southeastern Michigan tricounty area has been part of the SEER Program, one of the world's most well-documented and comprehensive cancer registry programs.
Analysis of this database demonstrated that the incidence of cancer with synchronous metastatic lesions to the brain increased markedly from 1973 to 1987 and has held constant since 1987. In part, the explanation for this increase lies in the earlier and more accurate diagnosis resulting directly from improved neurodiagnostic imaging modalities. From indirect brain imaging and early-generation direct brain neuroimaging (nuclear brain scanning, angiography, and CT scanning) in the 1970s, to the more precise direct neuroimaging modalities of refined CT scanning and magnetic resonance imaging in the 1980s, the evolution of neurodiagnostic imaging technology has contributed greatly. The fact that three quarters of synchronous lesions occur in patients with lung cancer and that the incidence of lung cancer increased 134% between 1973 and 1992 also likely contributes to this marked rise in the incidence of synchronous brain metastases.
14 A third explanation for the increased incidence may lie in greater physician and patient awareness of the prognostic importance of diagnosing brain metastases. This awareness results from the knowledge that brain metastases can limit the length and quality of survival in those patients
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Epidemiology of synchronous brain metastases 3 who may otherwise experience prolonged survival after treatment of their primary cancer and that for whom innovative surgical, radiosurgical, and other means have improved outcomes of the treatment of brain metastases. The definition of "synchronous" varies from study to study, and most authors cite a period of 1 year after the diagnosis of the primary tumor. We defined synchronous as a period of 2 months after diagnosis of a primary tumor to select those patients whose tumor might be considered more biologically "aggressive," but the primary reason for the 2-month period was based on logistical concerns relative to the SEER registry process.
We did not find a correlation between the incidence of synchronous brain metastases and marital status or race. We did not study changes in percentages of diagnosis of metastatic disease based on race or sex over time. Most of these primary lesions were either of poorly or undifferentiated grades. There were no instances of in situ primary cancer associated with brain metastases, a fact that supports the importance of early diagnosis of primary cancer in preventing brain metastases. Synchronous brain metastases have been associated with a poorer prognosis than metachronous lesions, particularly in cases of lung cancer, 1 and the survival of patients with metachronous brain metastases has generally ranged from 9 to 14 months 1, 5, 12, 16 in selected groups reported in hospital-based studies.
In our study, in patients in the age 20 to 29-year group the best prognosis was observed; however, survival data based on age must be carefully interpreted because although the best survival data were noted in this group, the number of patients (10) did not allow for a precise estimation. Primary lesions in this group were located as follows: lung (one case), skin (two cases), testicle (two cases), pineal gland (one case), lymph node (one case), and unknown primary (three cases). A more meaningful number of patients was found in the age 55 to 75-year group who accounted for 65% of the total group; however, the patients in this population experienced a generally poor median survival length of approximately 3.2 months. Although management strategies are not reflected in the overall survival data, it is safe to assume that our current methods of treatment for the primary cancers are clearly ineffective in most patients. Even the understandably selected surgical series show a trend of poorer survival in patients who presented with synchronous lesions. 1, 5, 12, 16 The overall survival length of the group of 3.2 months reflected the survival of the largest component in this group-primary lung cancer-but survival of patients presently with an unknown primary cancer was also 3.2 months.
To our knowledge, this is the first population-based epidemiological study to report the incidence of synchronous brain metastases and the survival of these patients in North America since 1972. 19 The poor survival noted in patients with unknown primary cancers is somewhat surprising based on previous reports; however, the results obtained in at least one hospital-based study corroborate this finding. 10 The reasons for the prolonged survival in a small number of patients cannot be explained based on these data, but the fact that certain patients do experience long-term survival is encouraging and provides a window through which to view future research. Although the predominant prognosis for patients with synchronous metastases is poor, it can be argued that there are individuals for whom treatment may be very beneficial.
There are several limitations of the study. A large number of patients with brain metastases are not diagnosed clinically. Although autopsy studies show approximately a 25% overall prevalence of brain metastases in patients with systemic cancer, reports on the incidence of metastatic lesion occurring in North America place the risk at 11.1 per 100,000 patients.
14,20 Based on the current incidence of cancer in general, therefore, one would expect a much higher number of brain metastases. 21 This smaller number may reflect the fact that patients die before their brain metastases manifest clinically or the clinical impact from other sites of cancer overshadows the neurological symptoms. Thus, even with newer modalities of diagnosis, these data most likely represent an underestimation of the true incidence.
Because the SEER Program does not obtain complete treatment data in patients with metastatic lesions, the effect of treatment on these lesions is difficult to evaluate. There could be favorable subgroups that have responded well to treatment.
